Background: With rapid development of China's economy, there were over 68.7 million left-behind children (LBC) in China whose mental health has become a problem of public concern. The present cross-sectional study aimed to investigate the status of mental health and its associated factors of LBC aged 3-16 years old in both rural and urban areas. Methods: A total of 4187 children (aged 3-16), including 1471 LBC and 2716 non-left-behind children (NLBC), were recruited from 50 communities (22 in urban areas and 28 in rural areas) in Guangdong, China in August, 2014. The mental health problems were assessed using the Strength and Difficulties Questionnaire (SDQ). Results: No statistically significant difference of SDQ subscales scores about difficulties were found between LBC and NLBC on the whole participants as well as in rural areas or in urban areas within the same age group after adjustments were made (all p > 0.05). However, compared with NLBC in the same areas, urban LBC tended to have higher prosocial behaviours scores, while rural LBC had the lowest prosocial behaviours scores not only in the whole age group but also in different age subgroups (p < 0.05). Besides, compared with urban LBC, rural LBC were not worse in SDQ subscales scores except for prosocial behaviour at 7-9 age group (p = 0.003). Furthermore, higher paternal educational level and longer duration of parental absence, were associated with less difficulties in both rural and urban LBC. Besides, shorter duration of talk per-time but higher communication frequency were associated with less difficulties in rural LBC.
Background
Since the reform and opening-up policy in late 1970s in China, the rapid economic growth has resulted in the urban-rural income inequality in China. A large number of surplus rural labour swarmed into cities seeking for better employment opportunities, leaving their children at home with a single parent, or relatives [1] . Meanwhile, with the increasing frequency of the talent flow, the number of urban children with one or two migrant parent has been increasing dramatically in recent decades [1] . Those who were younger than 17 years old, left behind at home by one or two migrant parents for at least 6 consecutive months were called Left-behind children (LBC) [2] . In 2015, there were over 68.7 million LBC in China, of which over 54.9 million lived in rural areas, and nearly three quarters aged under eleven. The number of LBC living in urban areas has increased dramaticallynearly 5.7 folds since 2000, reaching 13.8 million [1] .
The impact of being left-behind on the development of children is complex. On one hand, parental migration usually means an increasing of family income. On the other hand, it also means the change of main caregivers and a weakened connection between family members. A study in Anhui province showed no significant difference on mental health problems between rural preschoolaged LBC with two migrant parents and non-left-behind children (NLBC) [3] . But numerous studies have found higher prevalence of psychological [4] and behavioural problems [5, 6] in LBC than in NLBC in all age groups [4, 7, 8] . For example, LBC at older age were more likely to suffer from negative emotional experiences like depression [9] , anxiety [7] , loneliness [10] and neglect [11, 12] , and have more conduct problems, including smoking [13] and alcohol consumption [14] . Besides, increasing number of left-behind adolescents were also reportedly sensitive, hostile and paranoid in their interpersonal relationship [15] . Rural LBC in pre-school were found to have lower level of socialization development than that of rural NLBC and children lived in urban areas [16] . However, most existing studies only focused on a single age group, and they failed to cover the whole age range including pre-schooler (under the age of six) and school-aged LBC (aged 7-17).
Additionally, series of studies have demonstrated that child age, sex, family monthly income, age of separation, duration of parental absence, migration type (father only, mother only, both parents) and number of siblings, etc., were associated with LBC's emotional and behavioural development [17, 18] . For example, Liu Z, etc. [19] revealed that children, separated from parents at a younger age, were more likely to be anxious or depressive, especially those left-behind by either mother or both parents. Besides, urban LBC were reported to have higher rate of internetaddiction than urban NLBC [20] . However, few studies covered rural and urban LBC, and it is still unknown whether their influencing factors are different or not.
Taking all the above into consideration, the present study aimed at investigating the status of mental health and its influencing factors among LBC aged 3 to 16 years by comparing LBC with NLBC within a large sample, and examining whether place of residence (rural and urban) would influence LBC's mental health development differentially.
Method

Participants
With the help of Guangdong Women's Federation (a government administration in China) in August 2014, participants were enrolled from 50 communities in Guangdong, a province with the largest number of LBC in South China [1] . Inclusion criteria for the participants included 1) aged 3-16 years; 2) with the experience of separate from one or two migrant parents for at least six consecutive months before August 2014; 3) living in the place where the family residence was registered. Inclusion criteria for the control group included 1) aged 3-16 years; 2) living with both parents in the place where the family residence was registered. Exclusion criteria for all participants contained: 1) with a history of serious neurological systemic or mental disease; 2) with obvious physical defects. Questionnaires were obtained from 4334 children, among which 127 questionnaires were invalid and therefore eliminated. Finally, the sample size fell to 4187, including 1471 LBC (765 boys and 687 girls) and 2716 NLBC (1463 boys and 1230 girls) ( Table 1) .
Sample size calculation
The aim of the present study is to explore the status of mental health among LBC aged 3 to 16 years in China. A α error of 0.05 and a power of 90% (two-sided test) were adopted in statistical analysis. For linear regression, the minimum number of cases included in the study was calculated by the formula N = [(t α/2 + t β ) S/δ] 2 [21] . δ was the admissible error, and 0.3S was established; S was the population standard deviation. The final calculated sample size of per group was approximately 117. Considering the age range (3-16 years of age), place of residence (rural areas and urban areas) of children and the non-response rate of 20%, the population recruited in the present study was suggested to be more than 4095.
The sample size in the present study (N = 4187) was slightly larger than the calculated result (N = 4095), and it was enough to observe the group differences between LBC and NLBC.
Recruitment procedures
A two-step process was conducted to identify the communities. First, 50 communities (22 urban communities and 28 rural communities) were selected from 21 prefecture-level cities. In each prefecture-level city, at least two communities were selected (one in rural areas and the other in urban areas) by using a simple randomization method and random number table. Finally, 10 LBC and 18 NLBC in each age group were randomly selected from each community.
According to the article 16 of the General Principles of the Civil Law of the People's Republic of China [22] and the article 14 of International Ethical Guidelines for Biomedical Research Involving Human Subjects [23], for participants aged 10-16 years, written informed consents were obtained from both children themselves and one of their current guardians, and for participants aged 3-9 years, written informed consents were obtained from one of their current guardians before the survey. Usually, parents are statutory guardians of minors. However, when both parents were apart from children, the written informed consent form was obtained from one of the current guardians designated by a parent. Participants were guaranteed that their responses in the questionnaire were anonymous and confidential. This study was approved by the Biomedical Research Ethics Review Committee of the School of Public Health, Sun Yat-sen University (Guangzhou, China). Besides, all data were collected through home visit by field investigators who had years of experiences of field investigation and were employed in the field investigation team of the city women's federation. These investigators were chosen from each city, and were trained uniformly by Guangdong Women's Federation and project teams in two weeks before the study started.
Measures
Children's mental health was measured by either selfreported or parent-reported version of Strengths and Difficulties Questionnaire (SDQ) [24] , which aims to assess the behaviour, emotion and relationship in children aged 3-17 years [25] . SDQ consists of 25 items, which were divided into five subscales including emotional symptoms, conduct problems, hyperactivity-inattention, peer problems and prosocial behaviours, with five items in each subscale. Each item scores from zero to two. The aggregate score of all subscales except for prosocial behaviours drive the score of a total difficulties score (TDS) ranging from 0 to 40. Generally, a high score indicates greater difficulties, except prosocial behaviours. It has been proved that the SDQ has good reliability and validity in different cultures [25] , including Chinese [26] .
In the present study, parent-reported version SDQ was used in 3-9 year-old LBC, and the self-reported version in 10-16 year-old LBC.
Statistical analysis
The data were entered through Epidata 3.1 software and analysed with SPSS 22.0 statistical software. Chi-square test and the unpaired Student t-test were used to describe the difference in demographics between LBC and NLBC. Secondly, analysis of covariance (ANCOVA) were adopted to evaluate the difference of SDQ scores between LBC and NLBC. Besides, in order to better understand the difference between LBC and NLBC within each age group, participants were divided into three age groups (3-6, 7-9 and 10-16 years) for analysis.
That is because children in China start primary school at the age of seven, and children begin puberty around the age of 10 [27] , which may result in significant differences within the three age subgroups [28] . Furthermore, we stratified the participants into two groups based on place of residence (rural and urban areas), then analysed the difference between LBC and NLBC within the same areas separately. Finally, stepwise multiple linear regression analysis was used to explore the association between the demographics or the characteristics of being left-behind and the LBC's emotional, behavioural and relationships problems.
Results
Demographic characteristics of LBC and NLBC 
Mental health problems in LBC and NLBC according to age groups
The comparison of mental health problems (assessed by SDQ subscales score) between LBC and NLBC was presented in Table 2 . Overall, LBC tended to have more difficulties than NLBC, which can be inferred by the higher score of TDS, emotional symptoms, hyperactivityinattention, peer problems and lower score of prosocial behaviours in LBC (all p < 0.05). The participants were next stratified into three age groups (3-6, 7-9 and 10-16 years) to explore the differences within age groups separately. We found that compared with NLBC, LBC scored significantly higher on TDS, peer problems and lower on prosocial behaviours (all p < 0.001) in 3-6 years; and higher on hyperactivity-inattention in 7-9 and 10-16 years (both p < 0.05). However, no such difference was found after adjusting place of residence, sex, age, only child, average monthly income and both parents' educational level.
Multiple comparison of mental health problems between LBC and NLBC in rural and urban areas
Considering the possible effects of place of residence on the mental health problems, we further stratified the children into rural and urban group, then analysed the difference between LBC and NLBC after adjustment for sex, age, only child, average monthly income, and both parents' educational level (Table 3 ). We found that in rural areas, compared with NLBC, LBC tended to have significantly lower score on prosocial behaviours in whole ages except for 7-9 years (3-16 years, p = 0.007, 3-6 years, p = 0.030; 10-16 years, p = 0.025), higher score on hyperactivityinattention in 10-16 years (p = 0.030), and lower score on conduct problems in 7-9 years (p = 0.050). Additionally, in urban areas, LBC had significantly higher emotional symptoms score in 7-9 years group (p = 0.029) and higher prosocial behaviour score among the whole samples except for 3-6 years (3-16 years, p < 0.001, 7-9 years, p = 0.002; 10-16 years, p = 0.001). Furthermore, when we compared the difference of SDQ scores between rural LBC and urban LBC after the same adjustment (Table 3) . Results showed that rural LBC had higher TDS score in 3-16 years (p = 0.003) and lower prosocial behaviours score at 7-9 years (p = 0.003).
Influence factors of mental health problems in rural and urban LBC
Influence factors of mental health problems in rural and urban LBC were analysed by multiple regression (Table 4 ). For rural LBC, the score of TDS were significantly negatively associated with age, paternal educational level, duration of parental absence and communication frequency; while positively associated with mother's educational level and duration of talk per time. And the prosocial behaviours scores were positively associated with siblings, paternal educational level, communication frequency and older age, while negatively associated with duration of parent absence. As for urban LBC, the score of difficulties (including emotional problems, conduct problems and TDS) were found negatively associated with paternal educational level and duration of talk per time. Besides, the score of prosocial behaviours were positively associated with paternal educational level, duration of parental absence and duration of talk per time.
Discussion
The present study investigated the status of mental health and its influencing factors in both rural and urban LBC aged 3-16 years. The results showed no statistically significant difference in the difficulties of mental health problems between LBC and NLBC on the whole participants as well as in rural areas and in urban areas within the same age after adjustments were made. However, urban LBC tended to have the most prosocial behaviours, while rural LBC had the least prosocial behaviours not only in the whole age group but also in different age subgroups. Furthermore, we also found that higher paternal educational level and longer duration of parental absence were associated with less mental health problems in both rural and urban LBC. Besides, two migrant parents, shorter duration of talk per time but higher communication frequency were found associated with less mental health problems in rural LBC.
Contradicted with most of the existing studies [7, 15] , the present study displayed no significant differences in mental health problems and prosocial behaviours between NLBC and LBC in the whole age and in the age subgroups, respectively, after controlling for the major confounding variables. The population-and demographiclimitation of the prior studies might contribute to the inconsistence. Prior studies were mostly conducted at school communities of rural areas, failing to control the confounders [17, 18] such as family backgrounds (family income, parental educational level, only-child, etc.), living environments, and social relationships, while the present study tried to make them controlled as far as possible in analysis. Besides, Shalhevet etc. found that great grandparent involvement was associated with better social skills and less emotional or behaviour problems of adolescent, especially in the lone-parent and step-families [29, 30] . Meanwhile, according to the attachment theory [30] [31] [32] , that the construction of secure attachment relationship with alternate caregivers can be the foundational support for children's development of mental health [33] . It was possible that they were well taken care of by alternate caregivers (mostly were grandparents) [29] when they were separating from one or two parents. Meanwhile, when it comes to the subscales of the mental health problems, interesting result was observed. Compared with NLBC in the same place, LBC were not always the vulnerable groups, they also had some strengths: rural LBC tended to have less conduct problems in 7-9 years and urban LBC had more prosocial behaviours in 7-16 years, after adjusting for parental educational level and factors of family environment. The possible explanation might be that the development of human being is a lifelong process of change in the abilities to adapt to the situations one selected [32] , and Table 4 Regression coefficients for SDQ outcomes on rural and urban LBC a many elements like living environments, the person/cognition and education during childhood [34] are related to maturation. Thus, we speculate that the effects of separation from migrant parents might be mitigated by other factors in children's life, which still needs further investigation. Furthermore, the present study also showed that paternal educational level was negatively correlated with the problems of LBC's mental health, which was in line with the previous studies that paternal education level was unique for children's language and cognitive development [35, 36] . In Chinese culture, it is believed that fathers are responsible for economic support and discipline maintenance, while mothers for nurturing. And this concept is far more popular in rural China [37] . However, urbanization and maternal employment are changing these attitudes. Fathers, especially those collegeeducated, are better understand the importance of intimate relation between father and children, and are more involved in their children's life [36, 38] . Fathers' frequent and positive involvement with children can promote the well-being of children's cognitive and social development [39] . However, in rural areas, women with high education level tend to be eager to pursue for self-value than those with lower education level [40] . And this may result in less interaction between mother and child which was proved to have negative effect on children's wellbeing [41, 42] . Considering the lack of relevant data in the present study, we can't tell the exact mechanism. More researches are needed in the future studies.
Besides, we also found that rural LBC with longer duration of parental absence and with both migrant parents tend to have less emotional problems, hyperactivityinattention, conduct problems and peer problems. To LBC, longer duration of parent absence and both migrant parents means they spent more time with the alternate caregiver. Raikes [43] found that the more time infants spent with the same caregiver, the more secure attachment relationship with caregiver will be formed. Additionally, Howes, etc. [44] found that children with more caregivers at the age of one to four were more likely to be aggressive with peers than those with fewer caregivers. Every time the migrant parent came home, LBC needed to construct a new child-parent relationship instead of continuing the previous one [31] , which might become new challenges to LBC [45] .
Furthermore, the present study also found that more frequency but a short talk with migrant parents had close relationship with rural LBC's less emotional symptoms, less conduct and peer problems. This result partly supports the findings presented by Yu Guang etc. [46] that communication with migrant parents for over 5 min with suitable topics could significantly decrease the depressive symptoms in rural LBC. However, the association with mental health outcomes might be different in urban LBC subgroups. Considering the small sample size of urban LBC, some variables may not able to reach the statistical significance [21] . Considering that and the complex mechanism of these correlations, more research on these topics are needed. Besides, parenting intervention program should be developed for LBC in various socio-demographic groups.
There are some limitations in the present study. First, as a cross-sectional survey, the results can only show correlations instead of causations. Longitudinal design should be applied in future study to explore and analyse the causal relationship between mental health and other influence factors. Second, the present study did not focus much on the mechanism of how the details of being left-behind interfere with mental health of LBC. Thus, further studies are needed to find out the essential characteristics which influence it in left-behind children. Third, all of these subjects of the project were drawing from one province of south China. Therefore, it should be more cautious when extrapolating the results to the whole country. study design. LMJ and ZYN contributed to funding application and manuscript revision. ZX and LMJ was involved in the supervising of data collection. ZX contributed to data assembly and analysis, and drafted the manuscript of the present paper. All authors have read and approved the manuscript, and ensure that this is the case.
